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The purpose of the present study was to provide 
information -for accountabi 1 i ty purposes of the 
financial investment by the State of Montana for school 
hearing screening programs. The area served is 
primarily rural, serving children 0—21 years of age. 
Retrospective hearing screening performance measures 
based on data from a school hearing conservation 
program were separated, collected and tabulated 
in order to provide information concerning the sensi­
tivity and specificity of the program. Findings of the 
study indicated of the 18,706 children screened for 
hearing problems, 1,521 Cor 8 %) referrals were made. 
Medical and hearing evaluation referrals were divided 
equally. Information concerning referral outcome was 
not available for 61% of all the referrals initiated. 
True-positive and false-positive rates are discussed 
based on the available information. Cost-per—chi1d 
screened ($2.36), cost-per-screening ($1.95), cost-per-
newly identified hearing loss ($131.00) and cost-per-
accurate identification ($106.00) will be discussed 
in terms of cost effectiveness and cost by society 
for school identification programs. 
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CHAPTER ONE 
_INIBQDUCIION 
In the past -fifty years identifying hearing loss in 
school—age children has become an increasingly important 
part of the school health maintenance program <Vargo, 1980). 
Mass screening programs have been viewed as an effective 
method (Anderson, 1973; Vargo, 1980) and have been shown to 
be more efficient than physical examinations in identifying 
hearing problems (DeAngelis, Berman, Oda, and Meeker 1983). 
Changes in the goals and scope of school screening programs 
have resulted from research investigating reliable and 
effective procedures in identifying children with hearing 
problems. Researchers have suggested measures for 
determining how effectively these programs meet the stated 
goals in order to justify continued funding of screening 
programs (Roeser and Northern, 1931). However, the problem 
of implementing effectiveness measures is compounded by the 
lack of funding to collect the necessary data for such 
measures. Therefore, school hearing screening programs 
are being funded without knowing how effectively these 
programs are meeting contractual goals. 
Hearing screening programs have been primarily aimed 
at the identification of "educationally significant" 
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hearing loss in school age children. Changes in the defini­
tion of the parameters of "educational significance" are 
reflected in research studies concerning the effects of 
hearing loss in terms of age of onset (i.e. early identifi­
cation studies), severity of the loss, and the implications 
of middle—ear disease. These studies support changes in 
school screening program procedures in terms of including of 
a younger population (Queen, Moses Wood, Harryman, Couty 
1981), evaluation of which grades to screen (Gimsing and 
Bergholtz, *983) the time of year to screen (Smith, 1981) 
and pass/fail criteria (ASHA, 1975). In addition, screening 
for middle-ear disease has resulted in the inclusion of an 
additional screening procedure (acoustic immittance) in 
order to meet the ongoing changes in goals. Therefore the 
previously mentioned changes in goals have required addi­
tional equipment and personnel, resulting in additional 
costs of school hearing screening programs. 
The increasing awareness of the need to provide more 
comprehensible services for the hearing impaired population 
in addition to identification is reflected in Public Law 
94-142 (1975). Therefore, hearing screening programs have 
become a part of more comprehensive programs usually termed 
hearing conservation programs. Hearing conservation 
programs typically include screening, diagnostic audio-
logical follow-up, medical referrals and the hearing 
aid/counseling process in serving the hearing impaired 
child. The review o-f the literature (Appendix A) describes 
hearing conservation programs in more detail. Federal laws 
making these services mandatory delegate the responsibility 
for the implementation of hearing conservation programs to 
the state and local agencies. Funding for such programs has 
been assumed by both the state and the Federal government. 
Public Law 94-142 (1975) makes local education agencies 
responsible for providing audiological services. These 
responsibilities are outlined by federal regulations 
(Federal Register, August 23, 1977). 
Recent studies stress the need for adequate follow-up 
procedures (audiological and medical referral/follow-up) 
in hearing conservation programs (Roeser and Northern 
1981? Anderson 1978). These researchers suggest inadequate 
follow—up procedures might contribute to incorrect alloca­
tion of funds between the screening, diagnostic and/or 
rehabi1itation process. Any time a child is identified 
falsely (i.e. normal when disordered or disordered when 
normal), funds are wasted. When children are passed who 
should be identified, the costs involve the loss of benefits 
associated with early identification which may delay correct 
identification and treatment of the child's problem 
(Milhinch, 1981; Roeser and Northern, 1981). 
Societies responsibility is to facilitate the identifi­
cation of children with hearing loss and/or middle—ear 
disease as early as possible (Ad Hoc Committee, ASHA, 
1983). I-f valid early identi-fication programs are estab­
lished, the likelihood o-f identifying a hearing disorder 
that would otherwise go undetected is increased. This early 
identification may constitute the first step in a process 
designed to minimize the risk of a child being afflicted 
with language and/or educational deficits secondary to 
hearing loss. Thus, early identification programs may be 
visualized as an investment. The pay-off for this invest­
ment may be realized in minimizing the effects of an 
individual's hearing handicap, therefore reducing the need 
for rehabi1itation services and increasing the possibility 
that the hearing impaired adult can be a productive and 
contributing member of society. Thus, as the result of 
inadequate early identification procedures, these rehabil­
itative services become more expensive and may fail to 
generate a productive member of society. 
Realistically, funding should be based on the documented 
return of the investment for the services provided. 
Presently funds are being allocated without such knowledge. 
The "crystal ball" approach of guesswork or decisions made 
on inappropriate, incomplete and/or inaccurate account­
ability measures are often used in such a program funding 
analysis (Hatry, Blair, Fisk and Kimmel, 1976). 
Cost—effectiveness analysis has been suggested as a 
useful tool -for determining optimal resource allocation 
within the health field (Gaspari, 1983) as well -for cost 
control of school screening programs (Jacobs and Lavelle 
1979). Roeser and Northern (1981) suggest that initial 
studies aimed at program e-f -feet i ven ess should include an 
evaluation o-f adequate procedures, requirements o-f person­
nel, equipment needs and the cost-effectiveness of the 
combination of these criteria. The criteria suggested 
by Roeser and Northern for a program effectiveness study 
provide the structure for the review of the literature 
(Appendix A). 
Roeser and Northern (1981) suggested measuring the sensi­
tivity and specificity for a program evaluation by comparing 
the diagnostic findings to the screening results (see figure 
1). §ES£i£i.EitY defined as the ratio of the number 
of correctly identified non-disordered subjects in relation­
ship to the total number of non-disordered subjects in 
the tested population. Sensitiyiis defined as the ratio 
of the number of correctly identified disordered subjects 
in relationship to the total number of disordered subjects 
in the tested population. True positive refers to the 
correctly identified disordered subjects and true—negative 
refers to the correctly identified non-disordered subjects. 
Incorrect identifications include false positive and false 
negative results. False-positives are the non-disordered 
FIGURE 1 
DIAGNOSTIC/SCREENING TEST RESULTS IN TERMS OF ACCURACY, 
SENSITIVITY, AND SPECIFICITY: The definitions o-f Sensi­
tivity and Specificity are taken from Roeser and Northern 
(1981). 
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subjects identified as disordered and -false-negatives are 
the disordered subjects identified as non-disordered. 
Roeser and Northern (1981) suggest that acceptable sensi­
tivity rates should be within the 90%-95% range and false-
negative rates should not exceed 5%.-10%. 
Wilson and Walton (1974) define accuracy of a screening 
program as the number of correct identifications (i.e. the 
true-negatives and true-positives) over the total number 
of screenings. Therefore, accuracy measures are closely 
related to the sensitivity and specificity measures des­
cribed by Roeser and Northern (1981). Jacobs and Lavelle 
(1979) discuss relating program cost to accuracy for cost 
control of school screening programs. They define accuracy 
as the number of positive cases of hearing loss discovered 
by the program (true-positives). They justify excluding 
false-negative rates from the accuracy results because 
the false-negative rates are not discovered by the program 
and are therefore not a cost to the program. However, a 
cost benefit analysis would include false-negative rates. 
The economics literature indicates the complexity of 
program analysis for a cost-effectiveness study. Such 
a study should include a definition of the program, compu­
tation of net cost and health effects, applying decision 
rules, and performing a sensitivity and specificity analysis 
(Shepard and Thompson, 1979). In addition, a cost-effect-
iveness study typically includes the projection of a number 
o-f programs over several years. Inefficiency involved in 
initial cost-e-f-fectiveness studies is usually the result 
of inadequate -follow-up procedures and poor records/poor 
record-keeping (Hatry, Blair, Fisk and Kimmel, 1976). 
These authors suggest using available data for a program 
evaluation if time or funding does not allow for a more 
complex cost-effectiveness study. A program evaluation 
using the available information is helpful in determining 
the extent to which record-keeping is complete and will 
allow for implementation of more complete and accurate 
records for future cost-effectiveness studies (Hatry 
et al., 1976). 
Wylie (1983) justifies a program evaluation because 
of the poor understanding of the scope of such health 
programs by administrators and school boards. He suggests 
relating cost to program effectiveness in order to provide a 
monetary value of accountabi1ity that school board members 
will understand and such studies justify monies being 
channeled into programs at the community and school level. 
Current Status of Hearing Conservation Programs in Montana 
The state of Montana subcontracts audiological services 
in order to meet federal and state regulations for providing 
identification and rehabilitation services to hearing 
impaired children. Hearing screening programs are awarded 
contracts on a yearly basis. Tri-Rivers Audiological 
Service is the local agency providing services to mid 
western and southwestern Montana. 
"The prime/subcontracted agency is responsible -for 
meeting the general guidelines outlined in the Hearing 
Conservation Contract outlined by the O-f-fice o-f Public 
Instruction (O.P.I), (O-ffice o-f Public Instruction, State 
Capital; Helena, Montana; 1980). The individuals involved 
in organizing and coordinating the program are, the program 
director, the audiologist and the audiology aide. 
The program director is responsible for preparing a 
budget proposal for the hearing conservation program and 
submitting a yearly budget report to the Office of Public 
Instruction. The audiologist is responsible for providing 
information for a quarterly accountabi1ity data report. 
The forms found in Appendix B include the following informa­
tion for record—keeping purposes: schools screened and re-
screened, children screened, children rescreened, miles 
traveled by personnel, contract days in school activities, 
inservice presentations, contact hours in rehabilitation, 
staffings, hearing evaluation referrals made by the audi­
ologist, hearing aid evaluations conducted bv the audiolo­
gist, referrals to hearing aid dealers, medical referrals 
made by the audiologist, children using amplification and 
persons receiving other services. Program records include 
the known results of the medical and diagnostic evaluations. 
At present for the state of Montana, resource allocation 
•for school hearing screening programs is based on the 
previous years allocation o-f -funds. The choice o-f hearing 
conservation programs is based on contractual bidding, with 
the contract going to the lowest bidder (Bob Demming, 
Director o-f The School o-f the Dea-f and Blind, Great Falls, 
Montana; Telephone Contact; June, 1984). 
S1ATEMENT_0F_THE_PR0BLEM 
Justification of programs requiring funding has resulted 
in various measures of accountabi1ity. Accountabi1ity 
measures should indicate the extent to which the contractual 
goals of hearing conservation programs are being satisfied. 
However, these measures are often provided to the state 
and local agencies in terms of justification of time and 
expenditure of funds and the number of children served. 
Accuracy measures indicating how effectively these programs 
are meeting the goals outlined by the state and local 
agencies are lacking. Providing meaningful accountabi1ity 
measures regarding the accuracy of hearing conservation 
programs is necessary when considering allocation of funds 
to support these programs. 
Because the screening process is the initial step towards 
identifying children with hearing loss, adequate funding 
for this process is of primary interest within a hearing 
conservation program. The sensitivity and specificity 
of screening procedures confirmed by the diagnostic process 
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determine the ability of a hearing conservation program 
to reach the stated goals. 
The need for knowing how effectively these programs 
meet their primary goals is important information when 
considering adequate allocation of funds for the screening 
process in a hearing conservation program. If funds are 
adequately allocated for the screening process then monies 
will be available for necessary personnel, equipment, travel 
and implementation of appropriate procedures in order to 
provide effective screening measures. 
The review of the literature reflects the complexity 
of determining adequate goals and valid and reliable 
procedures for a school hearing screening program. Adequate 
record-keeping for determination of accuracy measures is 
crucial in order to provide measures for program evaluation 
and to justify funding. A cost-effectiveness analysis would 
provide an ideal means of evaluating school screening 
programs if record—keeping provided complete and meaningful 
information for this analysis. However, this analysis 
requires data not available for such an extensive cost 
effectiveness study (false-negative and true-negative 
results of the screening process). In other words, complete 
information is not in the records of the school screening 
programs and the funds are not available to provide for such 
a complete cost-effectiveness study. 
Program information based on cost of the screening 
process and accuracy o-f referrals <i.e. true-positive and 
false-positive results of the screening process) is avail­
able and if properly analyzed could provide timely and 
useful information to legislators and administrators for 
evaluation of the funds allocated. In addition, the program 
would be provided with a baseline with which to compare 
future effectiveness measures. 
Accuracy is determined by the degree to which disordered 
and non—disordered individuals are identified. The state 
of Montana does not require data for the individuals who 
are not referred. For the purpose of this investigation 
the term accuracy will be limited to the ratio of confirmed 
true-positive medical and hearing diagnostic evaluations 
compared to the number of medical and hearing diagnostic 
referrals (Figure 1, A/A+B). The accuracy in obtaining 
the known goals of a screening program relative to the 
cost incurred would also provide a useful means of account­
ability. At present, there are no such measures of account­
ability required by the state of Montana. For the purposes 
of the present study cost—accuracy is defined as the total 
expenditures of the screening program divided by the total 
number of known true—positive referrals. 
PURPOSE 
The purpose of the present study is to provide informa­
tion of the financial investment by the state of Montana for 
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school hearing screening programs -for accountability 
purposes. In addition, this in-formation would provide the 
state with a means -for -future comparisons between and within 
programs. Speci-fical 1 y, this study is designed to present 
cost-accuracy measurements o-f the re-ferrals for program 
evaluation using retrospective and available data o-f a 
school screening program in Western Montana for the 
1981-1932 school year. 
The -following questions will be answered: 
1) What was the total number o-f children screened? 
O-f these, 
a) How many were initial screens? 
b) How many were rescreens? 
2) What was the total number o-f medical re-ferrals? 
Of these, 
a) How many were initial re-ferrals? 
b) How many were repeat re-ferrals? 
c) How many were not seen by a physician? 
d) How many were seen by a physician? 
O-f these, 
1) How many had a con-firmed medical problem? 
2) How many did not have a medical problem? 
3) How many have an unknown medical status? 
3) What was the number o-f hearing evaluation re-ferrals? 
a) How many were initial re-ferrals? 
b> How many were repeat re-ferrals? 
c) How many resulted in a diagnostic hearing eval­
uation? 
O-f these, 
1) How many had normal results? 
2) How many hearing losses were identified? 
i) How many hearing losses were identified 
elsewhere? 
ii) How many hearing losses were previously 
i denti f i ed? 
iii) How many hearing losses were identified 
by Tri—Rivers? 
In addition, the above information will be reduced 
and presented in terms of: 
1) true—positive and false-positive figures obtained 
from confirmed audiological and medical diagnostic reports 
of the children referred, 
2) program accuracy information of screening referrals 
based on data from the known results of medical and diag­
nostic evaluations and expressed in terms of true-positive 
and false—positive figures of the children referred, 
3) funding for the screening program determined by the 
expenditure of funds for the complete screening process 
estimated and extracted from the funding for the entire 
hearing conservation program. 
4> cost-effectiveness screening measures in terms of 
cost per screening, cost per child screened, and cost per 
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child positively identified. The latter is cost-accuracy 
as defined for this study. 
Additionally, a complete description of the personnel 
requirements, available equipment, and test procedures 
will be provided in the Methods chapter of this paper. 
This information will provide for a determination of the 
extent to which comparisons might be made between the 
hearing screening programs. 
CHAPTER TWO 
MIIHQDS 
Chpice o-f Screening Program 
This investigator contacted Easter Seals and Tri-Rivers 
both subcontracting agencies, in order to determine: 1) 
the interest in the evaluation of data, 2) the willingness 
to assist in making the data available, 3) the type of 
data available and 4) a description of the process and 
responsibility of recording the data. Directors of both 
programs expressed interest in beginning a program evalu­
ation and were willing to provide records in order to 
determine the accuracy of referrals and program funding. 
Information concerning false-negative and true—negative 
results (i.e. "hit rates" of the children not referred 
by the program) is not available and prohibits a true 
cost-effectiveness study. That is one reason for confining 
the present study to a program evaluation. 
The reason for selecting Tri-Rivers Audiological Service 
was related to the consistency in recording data and the 
qualifications of the individuals recording the data for 
the 1980-1981 and 1981-1982 school year. This decision 
was made because, during the mentioned time span, Tri-Rivers 
employed two audiologists with previous school screening 
experience. Additionally, the audiology aides (the primary 
recorders o-f the data) were experienced with the agency's 
terminology and record-keeping, and were college graduates 
in audiology. The 1981—1982 school year was selected 
because it was the most recent year with data recorded by 
personnel with an audiology background. The Easter Seal 
program was not included in the present study due to the 
numerous locations o-f data storage and the large number o-f 
individual recorders o-f data indicating a greater possi­
bility o-f obtaining variation in recording o-f the data 
needed for this study. 
Description of Tri-Rivers fiudioloqical Service 
Tri—Rivers audiological service provides a hearing 
conservation program for preschool and school age children 
in predominantly rural western Montana. The population 
served includes a variety of ethnic groups and a variety of 
socioeconomic classes. 
The program provides hearing screening and rescreening 
audiological referral and assessment, rehabilitation 
counseling, and in-servicss. Because of the variability 
associated with these services, presented in the review 
of the literature, it is important to consider differences 
in program description when comparing hearing conservation 
programs. The most visible and costly of these processes 
is the school screening program because of the large number 
of children tested and the travel involved. Therefore 
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the screening aspect is the subject of this paper and the 
cost will be directed to the screening process of the 
hearing conservation program. 
The audiological service employs two audiologist and 
two audiology aides to screen pre-schoolers, kindergarten 
first, second, fourth, seventh and eleventh grades for 
hearing loss and possible middle ear problems. There are 
typically three screenings during a school year. The 
initial screening includes all of the school-aged children 
in the previously mentioned screening samples. The second 
screening includes all failures from the initial screening 
teacher referrals, new students and students who are at risk 
for hearing problems and therefore require monitoring. The 
third screening continues the process and in addition pre­
school screenings are conducted. Of the total number of 
children screened, approximately 10 percent are preschoolers 
and 90 percent are school age. 
The goal of the screening program is to separate, through 
pure-tone audiometry and acoustic-immittanca testing, normal 
hearing children from children with hearing loss and/or 
middle-ear pathology, and to make necessary medical and/or 
hearing evaluation referrals. Procedures include pure-tone 
air conduction screening at 20 dB for the frequencies 1kHz 
and 2 kHz, and 25 dB for the frequency of 4 kHz (re: ANSI S 
3.6, 1969). Otoscopic inspection and tympanometric measures 
also are used for the assessment of middle—ear function for 
preschoolers, kindergarten and grades one, two and four. 
The seventh and eleventh grades are included i-f there is a 
history o-f middle—ear problems. 
Re-ferrals are based on screening -failure. Failures 
include tympanograms with a peak pressure point greater 
than —2400 Pa or +500 Pa, a flat or dome-shaped tympanogram 
or hearing screening results with a failure to respond 
at one or more of the frequencies for either ear. All 
of the above mentioned failures warrant a diagnostic or 
medical hearing evaluation with the exception of the 
failures that are borderline. If a child is considered to 
have borderline results for pure-tone screening or tympano­
metry, a rescreening process is initiated rather than a 
referral. Borderline results include peak pressure points 
of up to —3000 Pa or a pure—tone threshold of up to 10 
decibels greater than the screening intensity for one 
frequency in one ear. A letter is sent to the parents of 
all children referred medically with a form to be completed 
by the physician recording the results of the evaluation. 
The physician is requested to return the completed form to 
the hearing conservation program. These referral forms are 
presented in Appendix C. 
Data_Cgil_ectign 
Data from the screening results form (Appendix D), will 
be used in the initial phase of data collection in order 
to gather names o-f all the children referred. The diag­
nostic hearing evaluation results will be obtained -from the 
individual child's file. The medical results will be 
obtained from the referral summary results form (Appendix 
D), from a notation of the screening results form, or from 
the child's individual file. 
The program's records will be compiled and tabulated 
to determine (1) the number of children screened and 
rescreened; (2) the number of these children who were 
referred for medical treatment for potential middle ear 
problems and, of those, the number with confirmed problems 
the number without problems and the number not seen by a 
doctor; (3) the number of children screened who were 
referred for hearing evaluations, subsequently evaluated 
and found to have a hearing loss, evaluated and did not have 
a hearing loss, and the number of children in which the 
hearing status is unknown. The importance of unknowns is 
twofold: 1) to determine whether an adequate number of 
referrals has been examined and 2) to obtain information 
about the extent of follow—up communication between screen­
ing referral and diagnostics. 
The cost of the screening program will be determined 
by including estimated administrative, travel, secretarial 
equipment allocation and salaries of employees for screening 
and referrals. A precise allocation for the screening 
process is unavailable; however, the cost for equipment 
travel and salaries is clearly separated as -Follows: 
Salaries 
1) The job description of audiology aide is to serve 
the screening program. The salaries of two full time audio-
logical aides will be included. 
2) The audiologist is responsible for all processes 
in the hearing conservation program; however, screening 
is clearly separated from diagnosis and rehabilitation 
because the latter two services are documented in scheduling 
of in—clinic appointments for the 1981-1982 school year. 
The allocation of the funds expended for the two audiologist 
in the screening process will be determined by deducting 
the percentage of the salary representative of documented 
scheduling time for diagnostic rehabilitative and counseling 
servi ces. 
Travel^ 
1) Travel expenses are used primarily on the screening 
process with the exception of inservices provided to 
schools. Travel expenses not related to the screening 
process have been estimated to be twenty percent. Therefore 
eighty percent of the total travel expenditures have been 
allocated to the screening process. 
Egui Bment._Al.igcation 
1) Equipment expenses -for the screening process are 
separate -from diagnostic equipment expense. The cost o-f 
audiometers, imraittance meters, and otoscopes will be 
prorated over the manufacturer's estimated lifetime of these 
i terns. 
Administrative_and_Secretariai 
1> Administrative and secretarial expenses will be 
estimated by determining the allocation of time by personnel 
responsible for these services. The personnel responsible 
for administrative and secretarial services are the audiolo­
gist, aides, program director and secretaries. The cost 
will not include otological and audiological diagnostic 
evaluations, although they are a result of the screening 
program. These funds are not considered a part of the 
monies allocated for the screening process. 
Data_Reductign 
The data obtained from the records to answer the research 
questions will be compiled on the form shown in Appendix E. 
The presentation of the data expressed as a percentage of 
the total population under evaluation will be displayed 
in tabular and graphic form. 
Further data calculation will be used to determine 
screening cost in terms of the individual child, individual 
screening and identified child. The cost to screen a child 
served by the program reqardless of whether it is a second 
or third referral within the school year for the same child 
will be termed tgtai_cgst_ger_screening and will be analyzed 
by dividing the total cost of the screening program by 
the total number of screenings. The total cgstperchi1d 
served by the program will be computed by dividing the 
total cost of the screening program by the total number 
of initial screenings. The CD5t_Der_gositive_identificatign 
is computed by dividing the total cost of the screening 
program by the total number of children positively identi­
fied. 
The cost per screening is important for comparison 
straight across the board to other programs. The cost per 
child is an important fiqure for society in order to provide 
some baseline measure from which future comparisons may 
be made. The cost per positive identification is important 
when considering the cost incurred by society to identify 
hearing loss and disorders in children. 
Program Accuracy of Referrals 
The referral accuracy of the screening program will 
be determined by dividing the number of confirmed positive 
medical and hearing diagnostic cases (true-positives) by 
the number of children who were referred and subsequently 
evaluated by a physician and/or audiologist. 
CHAPTER THREE 
BiiULIS 
A summary o-f the screening results for the 1981-1982 
school year is contained in Table 1. The data concerning 
the referral results compiled from the records of Tri-Rivers 
are summarized in Tables 2 and 3. The pass-fail criteria 
used by Tri—Rivers in order to determine which children 
to refer for medical and hearing diagnostic evaluations 
are outlined in the Methods chapter of this paper. 
The reduction of the data from the records, separated 
as initial screenings or rescreenings are presented as 
a percentage of the total number of screenings. The 
children referred for a medical or hearing diagnostic 
evaluation are separated as to the status of the referral 
outcome and this outcome is recorded in the records (knowns) 
or not available in the records (unknowns). The medical and 
hearing diagnostic referrals are presented separately as 
to the percentage of medical referrals and the percentage 
of hearing diagnostic referrals confirmed as being 
true-positive or true—negative. 
Screening referral accuracy is presented as the 
true-positive results of the known outcome of the medical 
referrals, hearing diagnostic referrals arid the combination 
of these referrals. The accuracy figure for the hearing 
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TABLE 1 
TRI-RIVERS AUDIOLOGICAL SERVICES DATA 
SCHOOL YEAR 1981-1982 
Data coll acted -from the program records and compiled to 
represent the number of children screened, the number of 
medical referrals, the number of hearing evaluation refer­
rals. 
I. Total number of children screened 18,706 
A. Initial screenings 15,435 
1. School-age 13,907 
2. Pre—school age 1,528 
B. Rescreening 3,271 
1. School—age 3,189 
2. Pre—school age 82 
II. Total number of medical referrals 765 
A. Number of initial referrals 550 
B. Number of repeat referrals 215 
C. Number of children seen by a physician 226 
1. Confirmed medical problem 203 
2. No medical problem at evaluation 23 
a. Seen by physician within two months 
of medical referral 18 
b. Seen by physician after two months 
of the medical referral 5 
D. Number not seen by a physician 14 
E. Unknown medical status 310 
III. Total number of hearing evaluation referrals 756 
A. Number of initial referrals 451 
B. Number of repeat referrals 305 
C. Number of hearing evaluations completed 162 
1. Newly confirmed hearing loss 74 
2. Previously known hearing loss 67 
3. Normal hearing results 21 
IV. Total number of audiological evaluations 376 
A. Number of diagnostic hearing evaluations 326 
1. Screening referrals 162 
2. Annual checks and additional referral 164 
B. Number of hearing aid evaluations 50 
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TABLE 2 
MEDICAL REFERRAL SUMMARY 
Medical re-ferrals separated into school -age and pre-school 
ages. This table includes the outcome o-f the children who 
saw a physician and the number of children in which the out 
come of the referral is unknown. 
TOTAL K—12 PRE 
TOTAL REFERRALS 765 653 112 
INITIAL REFERRAL 550 441 109 
REPEAT REFERRAL 215 212 3 
SAW M.D./WELL/<2 MOS. IS 7 1 
SAW M.D./WELL/>2 MOS. 5 4 1 
SAW M.D./Ill 203 167 36 
NO M.D. CONTACT 14 14 0 
UNKNOWN MEDICAL STATUS 310 239 71 
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TABLE 3 
HEARING EVALUATION REFERRAL SUMMARY 
Hearing evaluation results -for the re-ferrals made by 
Tri-Rivers Audiological services. This table represents the 
outcome o-f the hearing evaluation re-ferrals. 
TOTAL K-12 PRE 
HEARING REFERRALS 756 682 74 
INITIAL REFERRAL 451 377 74 
REPEAT REFERRAL 305 305 0 
NORMAL RESULTS 21 21 0 
LOSS IDENTIFIED 74 68 6 
KNOWN LOSS 67 62 
diagnostic referrals includes children with a previously 
identified hearing loss unknown to the screening program. 
Specifically, a previously identified hearing loss is 
defined as a hearing loss previously diagnosed and the 
parents and/or the child are aware of the hearing loss. 
However, for various reasons (i.e. the child was evaluated 
elsewhere or the information was not recorded in the 
program's records) the screening service was unaware of the 
child's hearing loss at the time of the referral. Although 
the screening program was not the initial means of identify­
ing the hearing loss, these referrals do represent accuracy 
of the screening program procedures. Therefore, the 
estimated screening program cost is presented in terms of 
cost per screening, cost per child screened, cost per 
accurate screening referral, and cost per newly identified 
hearing loss. 
Data_Reductign 
A total of 18,706 school—age and preschool hearing 
screenings were performed by the Tri-Rivers audiological 
team during the 1981-1982 school year. Of this total, as 
shown in figure 2, 15,435 or 837. are initial screenings and 
3,271 or 17X are rescreens. A child who is rescreened 
during the school year either has borderline tympanometry 
results, or failed a previous screening. Also included in 
the follow—up screenings are new students and teacher 
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FIGURE 2 
Total number o-f screenings separated into school and pre 
school age children -for the initial and rescreening process. 
Total Number of 
Initial 15,435 
(83%) 
13,907 
(90%) 
School 
Age 
1,528 
(10%) 
Preschool 
Age 
Screenings = 18,706 
3,271 Rescreens 
(17%) 
3,189 82 
(97%) (3%) 
School Preschool 
Age Age 
re-ferrals -from all grades. These children are typically 
screened -for the first time during the year and are usually 
initial screenings. For the purpose of this paper each 
child screened in the follow-up screening process for the 
first time during the school year is accounted for under 
the initial screenings data. Therefore, initial screenings 
are the first screening for a child during the school year. 
The initial screenings included 13,907 or 90% school 
age children and 1,528 or 10% preschoolers. The rescreens 
included 3,139 or 97% school age children and 82 or 3% 
preschoolers. Of the total number of screenings, shown 
in Figure 3, 1,521 or 3% were referred for medical or 
hearing evaluations. Medical referrals accounted for 765 or 
approximately 50% and hearing diagnostic referrals accounted 
for 756 or approximately 50% of all referrals. 
The initial screenings, or 83% of the total number of 
children screened as shown in figure 4, resulted in 550 
or 3.5% referrals to physicians and 451 or 3% referrals 
for hearing evaluations. The total number of rescreens, 
shown in fiqure 5, resulted in 215 or 7% medical referrals 
and 305 or 9% hearing evaluation referrals. 
Preschool and school-age screening results are separated 
and presented previously in Tables 2 and 3. Preschool 
medical referrals totaled 112 or 17% of all medical refer­
rals and 74 or 14% of all hearing evaluation referrals. 
o*0* 
FIGURE 3 
Screening outcome separated into the number o-f children 
re-f erred and the children who passed the screening. The 
re-f erred children are separated into medical and hearing 
evaluation referrals. 
SCREENING OUTCOME 
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FIGURE 4 
Referral outcome for the initial screening separated into 
medical and hearing evaluation referrals. 
REFERRAL OUTCOME FOR 
INITIAL SCREENING 
N=I5,435 (83%) 
93.5 /o 
CN=14,434) 
No Referral 
3.5% 
(N=550) 
Medical 
3% 
(N=45l) 
Hearing 
Evaluations 
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FIGURE 5 
Referral outcome for the rescreening process separated into 
medical and hearing evaluation referrals. 
REFERRAL OUTCOME FOR 
RESCREENING 
N=3,271 (17%) 
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Referral_Outcome 
The status of the medical and hearing diagnostic evalua­
tions are presented in the -following -figures. I-f a child is 
referred for a medical and a hearing diagnostic evaluation 
the child is first evaluated medically in order to exclude 
a fluctuating hearing loss due to transient middle ear 
pathology. The following data is specified as number of 
children or number of screenings, and number of children 
or number of referrals, so that the reader may differentiate 
between these separate terms. The data is presented this 
way because a significant number of children referred are 
screened and referred more than one time during the school 
year. Additionally, this distinction becomes of primary 
importance when considering the occurrence of middle—ear 
disease with a referral to a physician. A child who is 
referred twice for middle—ear disease may have two separate 
occurrences of the disorder. Therefore, medical results 
are reported as number of referrals. A child referred 
for a medical diagnostic evaluation and subsequently for 
a diagnostic hearing evaluation typically does not have 
fluctuating hearing problems since medical treatment for 
transient middle-ear pathology precludes a hearing diag­
nostic evaluation. Therefore, these results are reported in 
terms of number of children referred. 
Medical Referrals 
Initial medical referrals included 550 or 72% and repeat 
medical referrals included 215 or 23'/. of all the medical 
referrals. Of the referrals for medical evaluations, as 
shown in figure 6, 226 or 41 percent were documented as 
having been examined by a physician, 14 or 3 percent did 
not pursue a medical evaluation and the medical status 
fol1ow—through is unknown for 310 or 56 percent of the 
children referred. Of the medical referrals for which the 
results of the evaluation were available (226 or 41% of the 
children referred), ninety percent (203) were diagnosed as 
having a middle ear problem at the time of the medical 
evaluation, and 10 percent (23) were diagnosed as normal. 
Di.agnosti.c_Heari_ng_Eval yatign_Ref erral_s 
A total of 756 referrals were made for a diagnostic 
hearing evaluation. Of these, 305 children or 68% were 
second time referrals. For 289 or 64% of the children 
referred for hearing evaluations, data is not available 
as to the referral outcome. The number of hearing eval­
uations performed totaled 162 or 36% of the total number 
of children referred. Of the completed hearing evaluations, 
as shown in figure 7, 72 or 45% were identified as having 
a hearing loss, 2 or 1% were identified as having borderline 
normal hearing (greater than 20 dB at one or more fre­
quencies tested), 21 or 13% were determined to have normal 
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FIGURE 6 
Medical referral outcome including the children who sought 
medical treatment, those who did not seek a medical evalua­
tion and those -for which the medical status is unknown. 
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FIGURE 7 
Hearing diagnostic evaluation outcome in terms o-f newly 
identified hearing loss, a previously identified hearing 
loss and those for which the diagnostic evaluation confirmed 
hearing within normal limits-
HEARING EVALUATION 
RESULTS 
N=I62 
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hearing, and 67 or 41% had a previously identified hearing 
loss. 
Accuracy o-f Referrals 
The outcome of the medical referrals made by the screen­
ing program is known for 226 or 41% of all the referrals who 
were subsequently seen by a physician (Figure 8). An 
accuracy figure of 90% is representative of the referrals in 
which the physician confirmed a pathology at the time of the 
medical evaluation. The false—positive fiqure of 10% is 
the number of children referred who were determined as 
not having a problem at the time of the evaluation. 
The accuracy of the hearing diagnostic referrals made 
is known for 162 or 36% of all the children referred. 
Of these children, 141 or 87% were confirmed as having 
a hearing loss. This accuracy fiqure includes children 
with previously identified hearing losses and those with 
newly identified hearing losses. The false-positive rate 
for the referrals for a diagnostic hearing evaluation is 
thirteen percent. 
Documented results of the combined medical and hearing 
evaluation referrals are known for thirty-nine percent 
of the total number of referrals in the screening process. 
The accuracy of these referrals is the number of confirmed 
positive medical and hearing evaluations (344) divided 
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FIGURE 8 
Referral outcome accuracy totals -for medical referrals 
diagnostic hearing evaluation referrals and the combination 
of all referrals. 
REFERRAL OUTCOME ACCURACY TOTALS 
MEDICAL 
REFERRALS 
TOTAL 
4> «*— 
oc 
E 
a> v»— Q> 
OC 
Middle Ear Problem 
(N=226) 
True + 
203 
No Middle Ear Problem Unknown 
False + 
23 
Hearing Loss 
(N=I62) Normal Hearing 
o 
w. 
a> True + False + 
HEARING | 141 21 
DIAGNOSTIC 
REFERRALS o 
TOTAL | 
cr 
O 
z 
? ? 
COMBINED 
ACCURACY 
TOTAL 
a> 
a: 
a> 
a: 
N=388 
True + 
344 • 
False + 
44 
by the children referred and actually participated in a 
hearing or medical diagnostic evaluation (388). This 
accuracy figure of 89% can also be expressed as the true-
positive rate of referrals. Therefore, the inaccuracy rate 
or false-positive rate of the referrals is eleven percent. 
Screening_Prggram_Cgst 
The estimated funds expended by this hearing conserva­
tion program for the 1981-1982 school year for screening 
and referrals is $36,393.81. The figure for screening 
cost includes secretarial services, equipment, maintenance 
administrative cost, personnel salaries, and other cost 
incurred by personnel (i.e., transportation and lodging) 
for the screening and referral process (Figure 9). The 
remainder of the funds allocated for the hearing conser­
vation program of $37,885.79, is expended on diagnostic 
hearing evaluations, hearing aid evaluations, counseling 
secretarial services, follow—up and administrative services 
and is not cost related to the screening process. 
Cost_ Analysis 
Adequate information is not available to 
cost of screening for middle—ear disease and 
screening for hearing loss. Therefore, a cost 
separate the 
the cost of 
-analysis was 
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FIGURE 9 
Estimated screening program cost with details o-f the 
expenditures spent in all appropriate line items for the 
entire hearing conservation program as well as the screening 
process. 
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DETAILS OF EXPENDITURE FOR TRI-RIVERS 
AUDIOLOGV FOR 1981-1982 
^/ENTIRE PROGRAM '/./SCREENING ^/SCREENING 
SALARIES/AID 19,171.17 90 17,254.05 
SALARIES/AUD 33,216.83 30 9,965.04 
TRAVEL 6,592.36 80 5,273.89 
MISC. 913.69 50 456.85 
CONTRACTED 1,166.00 0 
SALARIES/SEC 401.00 O 
OPERATION 90.50 25 22.63 
RENTAL 4,000.00 20 800.00 
INSURANCE 3,340.00 60 2,621.35 
TOTALS 76.988.00 — 36,393.81 
determined combining the accuracy o-f the screening program 
in referring -for potential middle-ear disease and hearing 
1 oss. 
An analysis of cost was considered in four different 
ways: 
1) Cost to initially screen each child served (cost 
per child). This figure represents the cost to 
provide service to an individual child. 
Screening_erggram_exBendityres 
Number of initial screenings 
2) Cost for each screening (cost per screening). 
This figure represents the cost to provide service 
for an individual screening. 
Screen i^ng_Brggram_eMgiendi,tures 
Number of initial screenings and rescreenings 
3) Cost to screen each child who is accurately 
identified as having a hearing loss and/or middle 
ear pathology (cost-accuracy), 
Screen ixig_erggram_eM£eQdi.tures 
Number of true—positive children 
(True-positive children includes children with 
previously identified hearing losses unknown to 
the screening service.) 
4> Cost to screen each child who is newly identified 
as having a hearing loss and/or middle ear pathology 
(cost per new identification) 
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ScreeniQggrograjjiexgendi tyres 
Number of children initially identi-fied 
Based on the aforementioned ratios the cost per child 
to screen is approximately $2.36, i.e., 
36j_393._83l 
15,435 
The cost -for each screening is approximately $1.95, i.e., 
36̂ 393̂ .31 
18,706 
The cost to accurately identify a child with a hearing 
loss and/or middle ear pathology is approximately $106.00, 
36̂ 393̂ 8.1 
344 
The cost to identify each child with a unknown hearing 
loss or medical pathology is $131.00, 
36a.393._bl 
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CHAPTER FOUR 
DISCUSSION 
The purpose o-f the present study is to provide infor­
mation relative to the -funding investment by the state of 
Montana for school hearing screening programs. Specific­
ally, retrospective data were collected and tabulated from 
the records of a relatively large multi-county hearing 
screening program to provide information about the effec­
tiveness and the cost of the referral process. Additionally 
the study was designed to provide accuracy measures in terms 
of true-positive and false—positive results of the screening 
referrals. Finally, cost-effectiveness measures in terms 
of cost per child screened, cost per screening, cost per 
newly identified hearing loss and cost per accurate 
identification (cost-accuracy) were established. These data 
should provide measures to compare programs in order to 
justify funding and select the most cost-effective hearing 
screening program. 
Researchers addressing similar concerns of cost account­
ability (Jacobs and Lavelle, 1979; Roeser and Northern 
1981; Wilson and Walton, 1974) have described various 
methods of screening program analysis. However, the results 
of these studies all suggest utilizing data often lacking in 
the records of school hearing screening programs. Research­
ers have suggested evaluating the false-negative results 
when determining the accuracy of hearing screening programs. 
However, such studies would require funds to provide for 
additional man hours, transportation, the presence of 
another audiologist for inter—reliabi1ity measures and 
immediate physician confirmation. At present these funds 
are not available to hearing conservation programs in the 
state of Montana. Therefore a need exist to provide 
accuracy measures based on the information that is available 
in the existing hearing screening records without the 
requirement of additional monies. 
Previous studies have presented cost-effectiveness 
analyses using various meanings for the terms cost and 
effectiveness. These studies have applied terminology 
without sufficient or consistent definition or have failed 
to describe the program procedures in enough detail so that 
a meaningful comparison between programs is impossible. 
Existing hearing conservation programs in the state 
of Montana are funded based on cost relative to "numbers" 
rather than cost relative to accuracy in meeting the goals 
of such programs. For example, in Montana, such programs 
are funded by the number of dollars it costs to serve a 
certain number of children rather than considering the 
return on the investment in terms of the quality of the 
service provided. The hearing screening process is the 
-focus of this study because it is the primary service 
provided by hearing conservation programs. 
The present study outlines and implements measures of 
accountability for a school hearing screening program based 
on the existing data in the records mandated by the state 
of Montana. The available data and lack of data is dis­
cussed in terms of providing meaningful measures of account­
ability in order to select the most accurate school hearing 
screening programs. In addition, this study provides 
information in terms of program description, precise 
definitions of cost and accuracy terminology and a delinea­
tion of cost expenditures. This author thinks such informa­
tion is important for future comparison between programs as 
well as determining the data worthwhile to include in school 
hearing screening record—keeping. 
This investigation supports previous research concerned 
with inadequate record keeping for a cost-effectiveness 
study (Hatry et. al 1976). In addition, the present study 
supports the need for more complete follow-up services 
in determining the outcome of the screening referrals in 
order to reduce the number of "unknowns". Reducing the 
number of "unknowns" would improve the credibility of 
hearing conservation program studies similar to this study 
as well as facilitate more complete services for the 
children referred. 
The number o-f re-ferrals -for medical and audiological 
diagnostic evaluations -for the 1981-1982 school year is 
eight percent of the total number of children screened. 
This eight percent fiqure falls well within the range of 
failure rates reported in the review of the literature 
of 0.5%—26.7%. Anderson (1978), suggest a reasonable 
referral rate for a hearing screening program is 5"/.-10"/. The 
present study indicates a referral rate of 6.5% (3.5% 
medical and 3% hearing) from the initial screening and a 16% 
(7% medical and 9% hearing) referral rate from the rescreen-
ing process. The higher percentage of referrals from the 
rescreening process is probably the result of larger numbers 
of children "at-risk" incorporated within this group. 
Research indicates a wide range of variability associated 
with the referral rates of hearing screening programs. 
Researchers attribute this variability to false-negative and 
false—positive figures reflected in personnel training test 
procedures, pass—fail criteria and ambient noise levels in 
the testing environment. Therefore, knowledge of the 
false—positive and false-negative rates is crucial if 
meaningful comparisons are to be made between programs. As 
stated in the methods section of this paper, the records for 
screening programs in Montana include the necessary data for 
determining false-positive rates. However, the data is not 
available for the determination of false—negative rates. 
On the basis o-f those for which referral -follow-through 
was documented, medical over-re-f erral s appear to have been 
made for 10 per cent of all the children referred for 
medical attention. This false-positive rate may be related 
to intermittent eustachian tube dysfunction and/or transient 
middle ear pathology that cleared prior to the examination 
by a physician (a time span from referral to medical 
evaluation of up to three months), false-negative diagnosis 
by the physician or false-positive findings of the screening 
servi ce. 
Audiological over—referrals accounted for 13 V. of all 
hearing evaluations. This figure may be related to noisy 
environment in the testing area, headphone placement 
inadequate instructions for testing, equipment calibration 
examiner error, errors in record-keeping, or false—positive 
responses by the child. Additionally, some of the children 
referred for a hearing diagnostic evaluation were suspected 
of having concurrent middle-ear pathology. Typically 
before a hearing diagnostic evaluation was attempted, the 
child was seen for a medical evaluation. If the middle-ear 
pathology was the single condition causing the hearing loss 
was fluctuating, was self-resolving or was treated, the 
hearing status of the child may have changed prior to the 
diagnostic hearing evaluation. 
Based on the tabulated results of children screened 
the incidence o-f newly discovered hearing loss appears 
to be 0.48% (number of newly discovered hearing losses/ 
number of initial screenings). However, this percentage 
could be as high as 4.3% if the unknown population included 
100% hearing losses. If any of the unknown population 
was confirmed as a newly identified hearing loss, the result 
would be a higher percentage of newly discovered hearing 
1osses. 
When comparing the incidence of newly discovered hearing 
loss of this population with those referred to in the review 
of the literature a number of factors may account for the 
differences. Of primary consideration is the variability 
associated with the population (age, ethnic group, medical 
care). Noteworthy in the present study is the high percent­
age of Native Americans from which the screening population 
is taken. Another consideration is the quality of teacher 
referrals from the grades not typically included in the 
screening process. Finally, the number of years a hearing 
screening program has been in existence in the community 
served will effect the incidence of newly discovered hearing 
loss. More specifical1y, a newly established program will 
most likely identify more hearing losses in the initial 
years of existence. The hearing screening program evaluated 
in the present study began operation in 1974. 
59 
The cost involved in the screening process can be used 
as a part of a ratio in order to estimate the monies 
required to provide audiological monitoring of an individual 
child, perform a screening procedure, to newly identify a 
hearing loss and to identify a hearing loss accurately. The 
knowledge that the cost per child figure ($2.36) is the cost 
for the 1981-1982 year to provide hearing screening services 
for each child in this area becomes important when comparing 
hearing screening services. This fiqure should be of 
interest to legislators and taxpayers when considering 
continued support of audiological services. 
The average cost for each screening of $1.95 as well 
as the cost per child figure may be used as a monitor of 
screening expenses between programs as well as within 
programs from year to year. The cost per screening figure 
differs from the cost per child figure in that the former is 
primarily aimed at the cost of the procedure and the latter 
is primarily aimed at determining the average cost necessary 
to serve an individual child during one school year. 
The cost to identify each child with an unknown hearing 
loss or middle—ear pathology is $131.00. This is an impor­
tant fiqure when considering the cost to society for 
supporting the goal of a hearing screening program 
(i.e. early identification). 
The cost-accuracy figure of $106.00 is important infor­
mation for comparison between hearing screening programs 
in order to justify awarding contracts for these programs. 
The cost—accuracy o-f the referrals differs from the other 
cost figures in that the cost-accuracy figure is a reflec­
tion of the quantity of the funds spent in the screening 
process relative to the quality of the services offered. 
The findings of the present study indicate that 6.5% 
of the population of school children screened by Tri—Rivers 
Audiological Service during the 1981-1982 school year were 
referred for a hearing and/or medical evaluation. The high 
percentage of unknowns from the referred population limit 
the findings of this study but also display one of the major 
weaknesses of such programs. The reported cost-accuracy and 
cost per newly identified hearing loss figures represent 
maximum cost figures. The accuracy portion of the ratio can 
only increase by the number of true—positives. The unknown 
fiqure most probably contains some true-positive referrals 
and if reported would increase the denominator (number of 
positive identifications or number of new identifications). 
The resulting ratio would indicate a lower cost accuracy 
figure and a lower cost per positive identification figure. 
CHAPTER FIVE 
CONCLUSIONS 
The most important information derived from the present 
study is the large number of unknowns reported in the data. 
Consideration must also be given to the variability in 
goals, procedures (i.e. pass/ fail criteria, rescreening 
procedures) and the population served when comparing hearing 
screening programs. A complete description of the hearing 
screening program provides necessary information when 
attempting to make comparisons in performance of these 
programs. A description of the hearing screening program 
should include calibration procedures, reliability measures 
of the personnel performing and recording the results 
record-keeping and follow—up procedures, as well as the 
environmental conditions under which the screenings take 
pi ace. 
Cost-Accuracy 
The cost-accuracy figure developed in this study is 
crucial when comparing school hearing screening programs. 
This author thinks the cost-accuracy fiqure is presently 
the best indicator of the cost-quality of hearing screening 
programs using the information mandated by the State of 
Montana. However, in order to make meaningful comparisons 
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between screening programs when using the cost—accuracy 
ratio a clearly de-fined method for determining the monies 
spent for the screening program is essential. 
In the present study, the cost of the screening program 
was estimated using a percentage of the hours that personnel 
are involved in the screening process, the equipment and 
supplies used for the screening process, rental expenditures 
used in support of the screening program and travel involved 
in reaching the screening locations. More specific 
determination of screening program cost could be provided if 
the hearing conservation program were required to separate 
the expenditure of funds into screening, diagnostic and 
rehabi1itative accounts using agreed upon guidelines. 
For example, the funds required to support the referring 
audiologist when following a screening referral in order 
to provide the hearing diagnostic service may be considered 
in the screening or the diagnostic process of the hearing 
conservation program. Therefore, in order to prevent 
inconsistencies when accounting for expenditures, standard­
ization of specific expenditures placed in the appropriate 
accounts is essential. 
The model utilized in this study for determining the 
funds expended in the screening process includes all direct 
screening cost as well as the cost of follow-up services 
until the confirmation of referral action is completed. 
When separating the cost for the screening process, items 
such as portable equipment and salary o-f the audiology 
aide are directly attributed to screening cost. However, 
items such as the audiologist salary, rental space and 
administrative cost require extracting the portion attri­
buted to the screening process. Information obtained from 
the accountabi1ity form (Appendix B> would serve to justify 
the hours attributed to the screening process. 
Maximum cost-accuracy in the hearing screening process 
would cause funds to be re-allocated for such activities 
as the follow-up services as well as for the other responsi­
bilities of the hearing conservation program. More effi­
cient use of personnel allows for additional time that can 
be put to use with other services such as follow—up. The 
re-al1ocation of funds and more efficient use of personnel 
time would be provided for without the need of additional 
funding. However, at this time, without more knowledge 
of the referral outcome (i.e. less unknowns) the accuracy 
of the screening program referrals may not be an accurate 
representation and may not be an appropriate way of 
reallocating resources. 
UQkOQwnPgpu^ation 
A significant reduction in the number of unknowns would 
obviously facilitate more complete services for the children 
who are referred. At the present time many children who 
are identified in the screening program are lost and the 
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•first step in early identification of hearing problems 
is wasted to the detriment of the child. In addition when 
monies are spent identifying children in the screening 
program and they are subsequently lost, the entire screening 
process is incomplete. Therefore, screening program goals 
are not reached resulting in a waste of the monies spent 
in the initial identification for those children who have 
a hearing problem and for whom a diagnosis is not completed. 
Adequate follow—up of children referred for medical 
and/or hearing evaluations is necessary to reduce the 
percentage of the unknown population. Follow-up services 
might be improved with additional personnel time and more 
accessible and up to date record-keeping. 
Improvement in record-keeping procedures allow for more 
follow-up potential in terms of easier access to the names 
of children requiring additional contact. A version of 
the form used in this study to gather results of the 
referral outcome is found in Appendix E and was adopted by 
the mentioned screening service in an attempt to improve the 
referral outcome record-keeping. A micro-computer would 
provide the most accurate and efficient access to screening 
referral information for follow—up as well as other 
purposes. 
The hearing screening program in the present study 
engages in various written and/or verbal follow—up 
procedures requiring adequate communication, primarily 
between the referring audiologist and the contact person -for 
the schools. The contact person is typically the school 
speech pathologist who serves as a liaison for the audio-
logical service and the parents of the child. In theory, 
100% communication between the contact person and the 
parents should provide for 100% knowledge of the outcome of 
the screening referrals. However, less than perfect 
communication will prevent the knowledge of screening 
referral outcome. Therefore, the goals for follow—up of the 
screening process might be defined as maximum communication 
between the parent and contact person in order to provide a 
referral service and receive information pertaining to the 
referral outcome. 
Future_Research 
When investigating the unknown population, studies should 
attempt to determine the nature of the unknown population 
and develop methods to reduce the unknown population. 
Within the unknown population are two distinct groups; 
the children who received hearing or medical diagnostic 
evaluations and the children who did not receive such evalu­
ations. The former group contains important information 
for determining the false—positive and true-positive results 
of the hearing screening referrals. 
Future studies determining the status of the group of 
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unknowns not pursuing a medical or hearing diagnostic 
evaluation might reveal personal difficulties such as 
finances or reluctance to pursue an evaluation. These 
personal difficulties probably Mould not provide information 
to improve follow-up procedures because often personal 
difficulties involve services that go beyond the scope of 
school services. However, for example, if distance from the 
diagnostic evaluation location proved to be a significant 
factor related to pursuing an evaluation, mass transpor­
tation or referral to an audiological service in closer 
proximity to the child's home might prove beneficial. 
Additionally if a significant number of children in a 
specific school did not receive written or verbal notifi­
cation of the referral evaluation of the quality of the 
communication with the contact person mailing procedures or 
difficulties specific to the area could be examined. For 
example, if a large number of children do not have tele­
phones, a person contracted by the school district to 
provide home health care might be contacted to deliver and 
explain the referral. 
When designing studies similar to the present study, 
the researcher might consider excluding the population 
of children who are referred concurrently for a hearing 
evaluation and a medical evaluation from the data used 
to determine the accuracy of hearing evaluation referrals. 
The fluctuating nature of hearing losses associated with 
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middle-ear pathology might create an inflated false-positive 
indication of the screening referrals for a diagnostic 
hearing evaluation, decreasing the apparent "hit rate" 
of the referrals. 
Further in-depth research is needed to clearly determine 
cost to society for the effectiveness of programs involved 
in the early identification of hearing loss and/or middle 
ear pathology. Such studies would serve to document 
the most cost-efficient services. An effort to reduce the 
large percentage of the unknown population is crucial and 
perhaps should include random contacts to the parents of 
this population confirming what action was taken after the 
referral was initiated. During these contacts a request for 
the point of view of the parent as to why the referral 
process was not completed would provide valuable infor­
mation. In order to determine the true—negative and false-
negative results of the children who were not referred, 
random sampling and on the spot confirmation of the pass 
classification would provide data for determining these 
f i gures. 
Additionally, further research is needed to better 
identify the remaining approximately fifty percent of the 
funding for hearing conservation programs that is not 
addressed in the present study. This information would aid 
in a realistic and adequate allocation of funds for all of 
the services provided. Other related studies designed to 
measure the cost—bene-fit o-f hearing screening procedures 
might include evaluating the effectiveness of the number of 
screenings per year, target grades screened, and an evalu­
ation teacher referral accuracy. Such studies would serve 
to justify procedures and dollars spent. 
The present study indicates agencies contracting hearing 
screening services would benefit from knowing the cost 
accuracy figure and the percentage of unknown population. 
Contracting agencies would have access to information as to 
which hearing conservation programs provide the most 
consistent and accurate screening and screening follow—up 
services for the monies spent. Therefore, this author 
recommends that the information necessary to determine the 
unknowns and the accuracy of the medical and hearing 
evaluation referrals be included on the Audiological 
Accountability Data Report (Appendix B). For example, when 
determining the number of medical referrals already provided 
on the form, the audiology service could keep records of 
the number of children who sought a medical evaluation 
whether the diagnosis was positive or a negative diagnosis 
and the time span between the referral and the evaluation. 
For the diagnostic hearing evaluation referrals, information 
confirming the presence or absence of a hearing loss, if 
the hearing loss is newly identified, and there is concur­
rent middle-ear pathology, would provide the information 
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necessary to determine more thorough and effective accuracy 
measures. Record-keeping procedures should include whether 
a child declined to see a physician or audiologist so that 
this population might be distinguished from the unknown re­
ferral s. 
As mentioned previously, a consistent procedure for 
separating funds expended on the hearing screening process 
should also be provided to the contracting agency. This 
procedure would provide for a clear separation of screening, 
follow-up, and diagnostic funds. With this information 
available, contracting agencies would be better able to 
select the hearing screening programs providing a quality 
servi ce. 
Summary 
The scope of this paper excludes many areas directly 
related to screening referral accuracy that need documen­
tation because of time constraints and/or lack of necessary 
data. Although in the author's opinion the major limitation 
in the application of this study was lack of necessary 
information concerning the outcome of the referrals. A 
non—response of 61% is reflected in the data. This large 
percentage of non-response is clearly serious and in this 
authors opinion unacceptably large. 
When investigating the cost-accuracy of a hearing 
screening referral service, the researcher should be 
cautious in interpreting the data. Without the knowledge o-f 
the unknown population the -figures might re-flect a 
non—response bias. When comparing hearing screening 
programs care-ful evaluation of the quality o-f the services 
provided by the program in relation to the cost spent on 
these services is essential. 
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APPENDICIES 
Appendix A 
Review_o£_the_LiteraturejL_An_Overview_gjF 
2£b9Qi_b}l3riQ9_Screening_Prg9ram5 
The -following section will include three important 
factors in understanding school hearing screening program 
development. These factors include: the development of 
hearing conservation programs. the procedures of school 
hearing screening programs and the societal role for the 
implementation of Hearing Conservation programs. In 
addition, three aspects important for the understanding of 
the effectiveness of alternatives for program evaluation of 
school hearing screening programs will be included. Hatry 
et al. (1976) indicates that these aspects are essential for 
determining an appropriate program evaluation and 
include: target population groups, program goals, and 
measures of effectiveness. 
Taroet Population Groups 
The incidence of hearing loss and middle-ear disease 
in children has been the subject of various audiological 
educational and medical studies since the 1920:'s. Hearing 
loss or hearing l!DEliCO]ent is measured in decibels and 
refers to the hearing deficit in terms of severity. The 
severity of a hearing loss may be classified in terms of 
mild, moderate, severe, or profound. The type of hearing 
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impairment re-fers to the physiological deficit associated 
with the loss of hearing and may be classified as con­
ductive, sensorineural or mixed. Hearing handicap is 
defined as the degree to which the hearing loss affects an 
individual's ability to function academically, socially, or 
vocationally and may be expressed in terms of decibels 
speech discrimination scores, speech reception scores 
frequency difference limen and/or middle-ear pressure (Davis 
and Hardick, 1981). Hearing handicap is not dependent 
entirely on the severity of the hearing loss or site of 
lesion. Additional factors such as age of onset, family 
support, the presence or absence or other impairments and 
the availability of special educational or remedial proced­
ures influence how handicapping a hearing loss will be 
(Davis and Hardick, 1981). 
Researchers examining population patterns and census 
figures have reported varying estimates of the number of 
hearing impaired children in a range from 1 to 50 per 
1,000. The variability of estimates is related to the 
definition of hearing impairment and the population from 
which the estimates are derived. Congenital profound 
hearing losses have an estimated of occurrence of 1 in 1,000 
births worldwide (Frasier, 1971). Northern and Downs (1978) 
indicate that in the United States approximately 42,000 
severely hearing impaired children attend special schools or 
classes for the hearing impaired. The number of children 
who -fall outside a normal range for hearing sensitivity 
<20—25 db HL , re ANSI, 1969) has been estimated to be 50 
children in 1,000 (Eagles, Wisnik, Doerfler, Melnick and 
Levine, 1963). Some researchers postulate that one half of 
these children have losses that are significant enough to 
impair their ability to be educated adequately in the school 
system (Davis and Hardick, 1981). Berg and Fletcher (1970) 
estimate 636,975 children in the school systems have a 
hearing loss in the 26—40 dB range. 
Jerger (1980) estimates that between 15 and 30 percent 
of children under the age of six (2,500,000) have recurrent 
otitis media with fluid, the most common middle—ear disease 
causing hearing loss. Otitis media is defined by Goins 
(1984) as an inflammation or infection of the middle—ear. 
Klein (1978) reports the incidence of middle-ear disease 
to be 8.3 percent to 25.3 percent among children 0-5 years 
of age. The high incidence of hearing loss and the more 
common occurrence of middle-ear disease in young children 
have encouraged researchers to examine how these hearing 
disorders affect the individual child as well as society 
(Roeser and Northern, 1981). 
Auditory impairment due to damage, disease or injury 
limits the auditory input to the cerebral cortex which 
has serious implications for learning (Boothroyd, 1982). 
With a limited or distorted input, the integrative and 
output functions of the cortex through language may be 
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impeded. The -fundamental basis o-f all language is that 
experiential and meaningful stimuli must precede the 
acquisition of verbal symbols (Bess and McConnel1, 1981). 
Audition plays an important role in the proper input of the 
stimuli as evidenced by auditory deprivation studies 
(Bruner, 1961; Webster and Webster, 1977). 
More recent attempts have been made to examine the 
effects and/or significance of mild and/or fluctuating 
hearing loss on language and intellectual development (Allen 
and Robinson, 1984). In addition, researchers have 
addressed these effects in a sibling study controlling for 
environmental differences in children 3-11 years (Sak and 
Ruben, 1981), by examining speech intelligibility functions 
in children 24 to 56 months with and without recurrent 
otitis media (Jerger, Jerger, Alford and Abrams, 1983) and 
by examining acoustic differences in degrees of hearing loss 
(Dobie and Berlin, 1979). 
These studies suggest the following: 
<1 Speech processing abilities are probably affected 
(Dobie and Berlin, 1979) but are not always apparent 
(Menyuk, 1979). 
2) Verbal functioning, auditory decoding and spelling 
skills although diminished in children with recurrent otitis 
media when compared to their sibling controls, did not 
imply functional significance (Sak and Ruben, 1981). 
3) The effects of recurrent otitis media are limited 
to intelligibility of isolated words in a competing message 
paradigm (Jerger et al. , 1933). 
4) There is an inconsistent relationship between middle 
ear status judged by impedance screening and language 
development as assessed by performance on a standardised 
language measure (Allen and Robinson, 1984). 
In summary, published reports suggest that a mild and/or 
fluctuating hearing loss results in diminished quality 
and quantity of acoustic information when receiving verbal 
input which may or may not affect language development. 
The degree to which language development is affected is 
dependent on whether the loss is present during the critical 
years for language learning (0-5 years of age), the severity 
of the loss, and the fluctuating nature of the loss. 
Controversy still exists concerning the specific effects of 
mild hearing loss and/or fluctuating hearing loss on 
language and learning. However, most researchers agree that 
the potential for language and educational deficits caused 
by these losses support the need for early intervention 
and monitoring of middle—ear disease (Davis and Hardick 
1981). 
Ihe_Rgle_gf_Sgciety 
The legislation with the most impact for hearing impaired 
children is Public Law 94-142 (Education for All Handicapped 
Children Law) enacted in November of 1975. This law was 
based on the -fact that one-half of the 8 million children 
requiring special education and related services were not 
receiving these services. The law stated that by 1930 
handicapped children^between the age of 3 and 21 years 
'.ft: 
must be provided with an appropriate education through the 
public-school systems. By requiring appropriate education 
through the public—school system, the law effectively trans­
ferred the responsibility for its implementation of Public 
Law 94—142 to the state and local agencies in charge of 
public education. 
Public Law 94-142 (1975), the Education for All Handi­
capped Children Act and the legislation for the handicapped 
within the state, mandate that all hearing impaired children 
age 3-21 years are entitled to appropriate education meeting 
individual need. It is the first federal law that shares 
a direct cost for the individual child's education with 
local and state education agencies (Roeser and Northern 
1981). Public Law 94-142 states "all children who are 
handicapped and in need of special education and related 
services must be identified, located, evaluated and assured 
a free appropriate public education in the least restrictive 
envi ronment". 
Hearing Conservation Programs 
Programs most often involved in providing identification 
evaluation and rehabi1itation services to the hearing 
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impaired population are hearing conservation programs. 
These programs designed to provide audiological services to 
school children may include the -following: mass screening 
-for hearing loss, rescreening, referrals for potential 
medical problems and/or diagnostic hearing evaluations 
diagnostic hearing evaluations, amplification evaluation and 
maintenance, parent, teacher and/or student counseling as 
well as educational services related to hearing loss (ASHA, 
1975). 
These programs have been labeled hearing conservation 
programs (Roeser and Northern, 1981) as well as identifi­
cation programs (Briesden, Stewart, Hyatt and Davis, 
1968). The' term identification also has been used to refer 
to the process of screening (Wilson and Walton, 1974; 
Melnick, Eagles and Levine, 1964). Researchers who prefer 
the term identification probably want to place emphasis on 
the primary goal of the screening program, that is, to 
identify the children with significant or potentially 
significant hearing losses (Chalklin, Ventry and Dixon, 
1982). When using the term screening to refer to the same 
type of program, the emphasis is placed on the primary and 
most time consuming portion of the identification process. 
However, the need for clearly defining the services offered 
by these programs is imperative if comparisons are to be 
made between programs. 
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Recent studies stress the need for adequate -follow-up 
procedures in hearing conservation programs (Anderson, 
1978; Milhinch, 1981). Follow—up procedures include 
monitoring the action following a re-ferral by the referring 
program to initiate the necessary link to diagnostic, 
medical, amplification and/or intervention (Roeser and 
Northern, 1981). Anderson (1978) indicates that programs 
lacking comprehensive follow-up services are more risky than 
programs not providing screening at all. He suggests that 
lack of effective follow—up service results in the public 
being deluded into believing that an effective program 
exists. Actually, the link between referral and action 
resulting from the referral is not confirmed so knowledge of 
any screening benefit is lacking. 
Due to the variety of services provided by these programs 
and the various terminology used to label these programs 
operational naming seems imperative. Therefore, for the 
purpose of this paper, a hearing conservation program will 
incorporate the services outlined by ASHA (1975) and a 
hearing identification program will include all services 
required for the identification of hearing loss and/ or 
middle ear pathology (i.e. screening, rescreening, referral 
follow-up for screening referrals and medical and audio-
logical diagnostics). A hearing screening program will 
include all of the services provided by the identification 
process with the exception of the diagnostics (i.e.screen­
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ing, rescreening, referral and follow-up). A graphic 
example of this proposed division of services provided by a 
hearing conservation program is outlined in Figure A—1. 
In summary, a comprehensive hearing conservation program 
for school children would include identification, habili-
tation, rehabi 1 i tation, counseling and complete follow—u.p on 
these services. A program designed to identify hearing 
impaired children will include the identification portion 
of the total services in a hearing conservation program. 
A hearing screening program will include the screening 
portion of those services offered in the identification 
process. Programs most often involved in providing identi­
fication, evaluation and rehabilitation services to the 
hearing impaired population are hearing conservation 
programs. Many hearing conservation programs have been 
active in surveying the target population through hearing 
screening procedures (Anderson, 1978). Ideally, the hearing 
screening process eliminates all children that do not need 
the more costly service of diagnostic identification 
process. Thus, the screening process is the first step in 
the identification of hearing impaired children. 
Screening has been defined by Harford, Bess, Bluestone 
and Klein (1978) as the process by which individuals are 
identified as having diseases or disorders that might 
otherwise go undetected. Roeser and Northern (1981) 
describe screening as a binary process involving pass/fail 
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Figure A-l 
Hearing Conservation Program Diagram displaying the services 
provided by hearing conservation programs in a -flow-chart 
manner. 
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criteria, the result of which may be used to determine the 
need -for additional testing. Fisch (1931) reported the 
number of hearing losses in the first grade to be 67. in his 
identification program. Gimsing and Bergholtz (1983) 
reported 3% sensorineural losses and 2.5% to 57. medically 
confirmed middle ear pathologies in an identification 
program of 2,237 ears of seven and ten year olds. Various 
studies in the literature report a 0.5% to 26.77. failure 
rate when screening for hearing loss or middle ear disorders 
in the schools (Roeser and Northern, 1981). The variation in 
reported failure rate has been attributed to choice of test 
procedures, combinations of test, instrumentation, cali­
bration, expertise of the individual administering the test 
presence of environmental noise, and pass/fail criteria 
(Roeser and Northern, 1981). 
In addition, comparisons between studies have been 
attempted without consideration of ages, false-positives and 
false-negatives, different goals (i.e. inclusion of screen­
ing for middle ear disease), socialized medicine avail­
ability, fluctuating hearing loss, and reduction in referral 
rate resulting from the use of rescreening. Another 
variable encountered by this investigator was inconsistent 
use of terminology. For example, Roeser and Northern (1981) 
directly compared referral/failure rates, identification 
rates and incidence of hearing loss for determining a 
referral percentage. The referral range typically reported 
in the recent literature with respect to hearing loss is 5 
percent to 10 percent (Anderson 197S), However, the 
research for these rates typically does not include a clear 
indication of the number of ears identified or referred. 
ECQQE£®_iGoal s 
The primary goals of a school hearing conservation 
program determine the necessary procedures, equipment and 
qualifications of personnel needed to accomplish these goals 
(Roeser and Northern, 1981). The goal of most screening 
programs is to pass an individual who is considered a likely 
candidate not to have a disorder and to fail the individual 
who is considered a likely candidate to have the disorder. 
In most school screening programs the degree of the disorder 
that constitutes a pass or a fail typically is related 
to the educational significance of the disorder. Therefore 
failure criteria of an effective school hearing screening 
program should separate children with middle-ear disorders 
and/or hearing loss that are deemed educational1y signi­
ficant from those children without the disorder at least to 
the extent that it is not educationally handicapping (Roeser 
and Northern, 1981). 
The ease with which the aforementioned goal of a hearing 
screening program may be realised is contingent on the 
sensitivity and specificity of testing procedures (Wilson 
and Walton, 1974) and funding available for equipment as 
well as adequate personnel (Roeser and Northern, 1981). 
The primary controversy in de-fining the goals of screening 
programs has been whether they should incorporate the 
identification of ear disorders as well as of hearing losses 
in school children (Roeser and Northern, 1981). The classic 
study of Melnick, Eagles and Levine <1964) indicated the 
purpose of identification audiometry in the schools is 
to detect children who may be educationally handicapped 
by hearing loss. This study did not include screening 
for middle—ear disease. Subsequent studies have justified 
the inclusion of this screening by purporting to demonstrate 
significant educational impact from middle-ear disease 
and fluctuating mild hearing impairment (Dobie and Berlin 
1979; Brooks, 1973). 
Prggram_Procedures 
Research has shown that pure-tone screening alone does 
not adequately identify children with confirmed middle-ear 
problems (Melnick et al., 1964; Cooper, Bates and Owen 
1975; Linden and Renval 1, 1980; Qrchik, liorff and Dunn 
1978). Acoustic Immittance measures have been considered 
a valid and reliable measure of middle—ear disorders when 
performed correctly (Roeser and Northern, 1981). To promote 
uniformity in immittance measures the American Speech 
Hearing and Language Association (ASHA) Task Force members 
at the Symposium on Impedance Screening for Children (1978) 
outlined suggested procedures- These models are illustrat­
ed in -figure A-2. The most -frequently used acoustic-immit-
tance measure -for hearing screening programs is tympano­
metry. Tympanometry is the measurement of some acoustic—im­
mittance quantity (e.g. "compliance") as a function of 
ear-canal pressure. When the results of tympanometry are 
plotted, the graph is called a tympanogram. The normal 
function is characterized by a sharp increase in "compli­
ance" at an ear canal pressure approximating ambient 
pressure. The ear canal pressure at which maximum "compli­
ance" is obtained is known as the tympanometric or 
middle—ear peak—pressure point. 
A symposium on impedance screening for children (Asha 
Task Force, 1978) indicates that disease screening should 
1) involve a serious health problem 2) be prevalent 3) have 
accepted criteria for diagnosis 4) facilities for diagnosis 
must exist, and 5) have an existing treatment. Gimsing and 
Bergholtz (1983) address these criteria in an audiologic 
screening study of seven and ten year—olds. These Swedish 
researchers expected middle-ear disease to have all of the 
previously mentioned characteristics however, their study 
did not indicate a high prevalence of middle ear disorders 
(l%-27.) and indicated the criteria for diagnosis is contro­
versial. The low prevalence of middle ear disorders in 
Sweden is most likely the result of the easy access of 
health services. Lous (1982) compared his Hirtsals model 
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FIGURE A—2 
THREE RECOMMENDATIONS FOR IMPEDANCE SCREENING PROCEDURES. 
TAKEN FROM LOUS ARTICLE (i9S2). 
THE »SH» «SCOSB£llCAT!0«S 
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The ASH A Recommendations. 
Impedance screening criteria recommended by the American Speech Hearing 
Association. 
The figures are mean results of the three screening series in percent. 
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The Nashville Task Force Recommendations. Impedance screening criteria 
recommended by the Task Force Nashville. 
The figures are mean results of the three screening series in percent. 
T« aiVTStUiS 19tk 
79 
1« 
The Hirtshals Recommendations. 
The figures are mean results of the three screening series in percent. 
{-figure A-2) to the ASHA and Task Force models and presents 
the results o-f a three screening series. The tympanograms 
were classified as A, B, C—1, and C—2. Type B included 
absent acoustic reflexes with tympanograms showing a reduced 
otoadmmittance and absolute gradient. Type A, C-l, and C-2 
tympanograms indicate pressure more than -iOOmm H20, between 
—100mm H20 and -200mm H20 and less than or equal to -200 
H20, respectively. Lous (1982) discovered a higher rate of 
specificity and a reduction in referrals with his model. He 
attributes these benefits to lack of consideration of 
acoustic reflex measures and the inclusion of a series of 
tympanometry screenings. Gimsing and Bergholtz (1983), and 
Hallett and Gibbs (1982) have demonstrated the importance of 
the serial re-screenings for at-risk children in order to 
reduce over-referrals for transient middle-ear pathology. 
Unless children are monitored regularly, the existence and 
duration of middle ear disease are difficult to document 
(Allen and Robinson 1984). 
The variability of middle-ear peak pressure points across 
individual limits the value of immittance measures 
(Lildholdt, 1980). Peak pressure points are classified in 
terms of pressure-compliance functions (Jerger, 1970) as 
Type A, B and C tympanograms. Type A tympanograms indicate 
normal compliance and normal function found in otosclerotic 
and normal ears. Type B tympanograms show little or no 
maximum compliance found in ears with serous and adhesive 
otitis. Type C -function shows the maximum compliance 
exceeding a significant amount of negative pressure. A 
fourth type of tympanogram is characterized by double 
maximum compliance with normal pressure and is found in 
cases with discontinuity of the ossicular chain. Studies 
have shown that spontaneous recovery of a Type B tympanogram 
(Jerger, 1970) is between 30 and 50% (Thomsen and Tos, 
19S1). Renvall Jarlstedt and Holmquist, (1980) suggest that 
because of the large variability of shape of tympanograms in 
normal ears referrals based on tympanogram results should be 
considered in terms of flat and/or in which middle ear 
pressure can not be determined. These results are sug­
gestive of the presence of otitis media. Orchik et 
al. (1978) have shown that the use of tympanogram and reflex 
threshold results will enhance the diagnostic efficiency for 
predicting the presence of middle-ear effusion common to 
serous otitis media. Soinz (1984) and Hopkinson and Schramm 
(1979) support this suggestion. Consideration must be given 
to the percentage of the population who have absent reflex 
thresholds in the absence of significant effusion. Orchik 
et al. (1978) reports a 20% incidence. Linden and Renvall 
(1980) report a 5-20% incidence and suggest that acoustic 
reflex presence is too variable for screening purposes. 
This will result in a high false-positive rate and a large 
number of over-referrals to physicians. 
School hearing screening tests are a major source of 
over-referrals to otolaryngologists (Lescouflair, 1975). 
Tympanometry combined with pure tone screening at .5k and 
4 kHz is more efficient than tone screening alone in 
detecting ear disease (Linden and Renvall, 1980). Research 
has shown that the age of the child (Bennett and Mowat 
1981; Cooper, 1975; Gimsing, 1983), the season of the year 
(Fiel1au-Nikolajsen, 1979; Gimsing, 1983; Lildholdt, 1980) 
and the time of the day (Smith, 1981) also should be 
considered when determining test procedures for middle ear 
disease. Generally, screening in the afternoon in the 
summer months with priority given to pre-school through 
third graders is suggested by these studies for detection of 
chronic not transient middle ear pathology. A more in-depth 
review of this literature specific to a screening program's 
location is necessary before an accurate judgement can be 
made concerning seasons of the year and target ages for 
screening purposes. Such an in-depth review of the liter­
ature is beyond the scope of this paper. 
Pass-Faii_Criteria 
The most frequently used frequencies and intensities 
for screening pure—tone air conduction audiometry are 1 
and 2 kHz at 20-dB HL and 4 kHz at 25-dB HL (re. ANSI S 
3.6, 1969). Linden and Renvall (1980) suggest using .5 kHz 
and 4 kHz in order to obtain the most information with 
efficient use of time. Thompson, Gothard, Sturm and 
Rogister (1979) reported an increase in the false-positive 
rate without improvement in the hit-rate when using .5 kHz. 
He attributed these findings to noisy environment. 
Recent research for acoustic immittance screening has 
been aimed at the investigation of various criteria for 
negative pressure rescreens and referrals with the intention 
of reducing the false-positive rates. Linden and 
Renvall (1980) have suggest failure criteria of -1500 Pa and 
the Asha Task Force (1978) has suggest —2000 Pa. Gimsing 
and Bergholtz (1983) report that a failure rate of -2500 Pa 
allows for a 95% specificity rate reducing the non—recovery 
drop-out ratio. The most recent studies support the use of 
retesting at-risk children prior to referral to a physician 
(Thomsen and Tos, 1981; Linden et al., 1980; Gimsing 
1983). At-risk children are classified as children who fail 
or have borderline results in immittance screening. 
lO^tr umen tat i on/Personnel^/Environment 
Vargo (1980) and Gimsing et al. (1933) attribute a 
reduction in effectiveness of screening programs to ambient 
noise in testing environments in excess of standards set by 
ANSI (S3.1, 1977). However, Hallett and Gibbs (1983) report 
insignificant differences in test results with ambient 
noise of up to 50 dBA. 
The number of audiologists necessary to perform the 
duties required o-f such a program varies with the demand 
and funding of a school screening program. A commonly 
noted problem is the inability to provide adequate follow-up 
services for determining the "unknowns" participating 
in the screenings (Doyle and Healy, 1981; Milhinch, 1981). 
Unknowns are defined as those subjects referred for diag­
nostic evaluations with results of the evaluation not 
reported back to the screening agency. This problem has 
been attributed to an inadequate number of personnel hours 
devoted to follow—up services. 
Vargo (1980) stresses the importance of compliance with 
electroacoustic specifications promulgated by ANSI S3.6-
1969 for maintenance of equipment and calibration. Routine 
calibration and daily listening checks are necessary to 
ensure reliability of test instrumentation. Compliance 
with existing standards and/or guidelines for methods allows 
for reliability of tests procedures. 
Program_Effectiveness/Evaluation 
How effectively a screening program is at separation 
of hearing impaired children from non-hearing impaired 
children is dependent on the effectiveness of screening 
tests. The effectiveness of a screening test is determined 
by reliability, specificity, validity and sensitivity of 
these tests (Roeser and Northern, 1931). can be 
100 
defined as the extent to which the test results are consis­
tent on repeated trials. The validity of a screening 
test is the degree to which the results of the test are 
consistent with detection of the disorder for which the 
screening is being conducted. Specificity and sensitivity 
are measures of the validity of a screening test. The 
specificity of a test is determined from accurate identi­
fication of the non-disordered subjects. The sensitivity of 
a test is enhanced with accurate identification of the 
disordered subjects. The increase in the sensitivity of a 
test is dependent on an increase in "hit rates" or true—pos­
itive rates (disorder present and failed the screening test) 
and reduced by an increase in false—negative rates (disorder 
present and passed the screening test). The specificity 
of a test is enhanced by the passing of non-disordered 
subjects or true-negative rates and reduced by false-posi-
tive rates. A detailed discussion of this terminology and 
evaluation of screening programs has been outlined by Roeser 
and Northern (1981) and Thorner and Remein (1982). False 
positive and false-negative rates are the result of unreli­
able and/or invalid testing procedures due to the lack 
of sensitivity and specificity of these procedures. 
The philosophical goals of a hearing screening program 
should dictate the procedures selected for the program. 
The procedures dictate in large part the cost and necessary 
personnel. Choice of efficient procedures and personnel 
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becomes o-f paramount importance in order to best use monies 
allocated -for the program. Keeping with these goals (i.e.— 
accountability measures) should be mandatory -for the 
identification audiometry effort (Wilson and Walton, 1974). 
For the past several decades health planners have 
increasingly used cost-effectiveness analysis to facilitate 
decisions regarding allocation of resources in health 
programs (Gaspari, 19S3). Effectiveness is defined by Hatry 
et. al. (1976) as the extent to which a program meets 
specified goals and objectives. The term also connotes a 
program's beneficial and detrimental effects on the general 
public or on specific parts of the public (i.e. client 
groups). Cost—effectiveness is computed by calculating the 
cost for a given quantity of effects (Hatry et al, 1976). 
It is simply a matter of dividing the cost of the program by 
the defined effects of a program. The result is a cost per 
unit of effect. In this analysis, only projects with 
identical effects can be compared (i.e. identical end points 
or total cost). A cost-effectiveness analysis allows for a 
direct comparison between health programs in order to 
determine the least money for a given outcome. A cost-
effectiveness analysis often is abused when the obtained 
ratio is used in a linear fashion. More specifical1y, the 
economics of most programs have increasing and decreasing 
cost rather than an average increase in cost per effect. 
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The Gaspari article (1983) describes this analysis in more 
detai1. 
Gaspari (1983) indicates that another cost analysis 
system which uses a cost-benefit ratio places a monetary 
value on the effect. This analysis would seem inappropriate 
for screening for hearing loss because it would require 
that a monetary value be determined as the result of 
discovering the hearing loss. 
Jacobs and Lavelle (1979) describe various methods of 
cost analysis of school screening programs. His definition 
of cost benefit is not consistent with the economics 
literature because he uses the term synonymously with 
cost—accuracy. Jacobs suggested that cost impact of a 
screening program should include all of the screening cost 
and the otological evaluation because this cost is the 
direct result of the screening program. He also suggested 
the use of total program cost divided by the number of 
positive cases of hearing losses referred to arrive at the 
cost-per—positive case identified. 
Cooper et al. (1975) described a method for calculating 
hearing test cost based on personnel, equipment, maintenance 
and testing rates. He did not include administrative or 
secretarial expenses. This research suggest that in 
evaluating screening test cost, exclusion of secretarial and 
administrative expenses may be justified. However, when 
determining expenses of a screening inclusion of 
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all expenses specific to the operation o-f the screening 
process are relevant to a cost evaluation. 
Research studies have outlined measures determining 
the sensitivity and specificity of screening tests (Thorner 
and Remein, 1932; Wilson and Walton, 1974). Cooper et 
al. (1975) discusses evaluating test procedures in terms 
of cost-pee—child per accurate referral. Wylie (1983) 
and Jacobs and Lavelle (1979) suggest relating program 
cost to the actual benefit derived however, few studies 
have evaluated the cost-accuracy of school screening 
programs. 
Wilson and Walton (1974) evaluate a school screening 
program by determining the sensitivity and specificity 
of threshold test using retrospective data. These authors 
compared accuracy measures to those of a previous study 
(Melnick et.al., 1964) and noted a significant reduction 
in over-referrals attributed to test environment and an 
increase in false-positives with the inclusion of .5 kHz 
in pure-tone screening. In the same study, Wilson and 
Walton suggest that for a screening test or program to 
be acceptable, sensitivity measures should be at least 
ninety per-cent and false-negative rates should not exceed 
ten per-cent. 
The review of the literature revealed suggestions 
for the analysis and evaluation of screening programs and 
tests used in these programs. Many of these suggestions 
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have been used in the evaluation o-f test procedures; 
however, few studies have evaluated or analyzed these 
programs in terms of cost-accuracy. Therefore, based on 
this review, a program evaluation determining cost-accuracy 
measures would provide meaningful accountability measures to 
justify school hearing screening programs. 
105 
APPENDIX B 
SAMPLE OF ACCOUNTABILITY DATA REPORT FORM 
Atnitt-OGicAt wcmnwim mi» mfom 
PnjccM Oct. _____ Jan. _____ April ___ July ____ 
llaloon 
Data 
1. Nkabor of achoola acraanad and i 
2. Nuabar af chlldran acraanad (caaprahanalva) 
a. adult lt-21 yaara _____ 
b. achool-ogad (.11 yoora _ 
c. pro-ochool J-J yooro _____ 
d. pro-ochool blrth-2 yaata _____ 
), Nuabor af chlldron roocroanod 
a. adult 11-21 yaan _____ 
k. achool-ogod (-11 yaara 
c. pra icfcwl J-J yaara 
d. praiochool blrth-2 yaara 
4. Muabar af alloo travalad (body) 
a. by audlelaglat 
b. by audlalaglat'a alda ~~* 
J. IMur af contract daya In actwol actlvltlaa 
a. by oudlologlot _____ 
b. by audloloQlat'a alda ZHZ 
(. Muabar af Inaarvlca praaantatlsna 
a. by audlalaglat 
• b. by audlalaglat'a alda ____ 
7. Nuabar of cantact haura In dlract aural 
rahabllltatlon tharapy 
>. Nuabar of cantact hour* apant In othar 
aural rahabllltatlon actlvltlaa (counaollng 
of atudanta, paranta, taachara, apaach tharaplat) 
*. IkMbar of atafflnga with audlalaglat'a participation 
a. ochool agad i-ll yaara 
1) child atudy taaa —— 
2) athar conaultatlona 
b. pro-ochool J-S yaara —— 
1) child atudy taaa 
, 2) athar conaultatlona ~~~ 
c. pra-achoal blrth-2 yaara ~~ 
1) child atudy tcaa 
2)  allier conaultatlona 
d. adult 18-21 yaara ° 
1) rahabilltallon taaa "~~" 
2) child atudy . 
J) athar canaultatlon ' 
frojoct No. 
•r of achaolo In audlaloglat'a woo _ 
ir of chlldran In audlaloglat'a araa _ 
o. ochool agad 4-11 yaara _____ 
b. pra achaol M yaara _____ 
o. pro-aohool 0-2 yoora 
d. odult 1S-21 yoora _____ 
10, Nuabar of haarlng ouoluatlan rafarrala aada by oudlologlot 
a. aohoal agad <.11 yoora _____ 
b. pra aahool M yoora • 
c. pea aohool blrth-2 yooro 
d. odult 1U1 yoora —""" 
11. Nuibot of hooting avaluatlona oanduct»d by audlologlot 
o. ochoolfogod (.11 yaara 
b. pra-achaol J-S yaara 
c. pro ochool blrtl»2 
d. adult lt-21 yoora 
II. Nuabor af CAT ovoluotlono far ochool-oood chlldran 
13. ftabor of hoorlng old avaluatlana oonduatod by oudlologlot 
o. ochool agod (41 yoora ___ • 
b. pro ochool M yoora _____ 
o. pra achaol blrth-2 yoora 
d. odult 10-21 yoora _____ 
14. Mabw of rafarralo ta haorlng old doolaro 
o. ochool agad (41 yoora """""" 
b. pra .ochool J-J yoora 
o. pro ochool blrth-2 yoora 
d. odult lt-21 yoora ______ 
19. Nuofeot of ndlcol raforrala aado by oudlologlot 
o. ochaol'ooad _____ " • 
(fm ochool ocroonlng) ~™—" 
b. ochool ogad ______ 
(froa Cantor ovaluatlon) " 
a. pro ochool J-J yoora ___ 
d. pro ochool blrth-2 yoora 
o. odult 1(41 yoora ZZZI 
II. Nuahor af chlldran ualng onpltfleotlon 
o. odult 1141 yoora _____ " 
b. ochool ogad i-lt yaara 2ZZZ 
c. pra-achool M yaara _____ 
4. pra achaol blrth-2 yoora 
17. Mabor of poroono rocolvlng oorvlcoo not occountod foe 
•bora (o.g., haarlng old chocko, aottlng aor oolda, oU.l 
o. ochoal-agad i-li yaara 
b. pra-achaol )•> yaara 
e. pra-achaol blrtli-2 yooro 
.Aill lfl.91 vAara  ̂t—4 O 
APPENDIX C 
SAMPLE OF REFERRAL FORMS 
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MEDICAL REFERRAL FORM 
Dear Parent(s): 
As part of our Hearing Conservation Program, your child's haarlag waa 
acraanad at school, and sha/ha waa found to have a poaalbla medically 
ralatad haarlng problem. It la recommended that you taka your child 
to your phyalclan or Ear, Hoaa, and Throat Spaclallat for a aadlcal 
examination aa soon aa possibla. 
Plaasa taka tha attachad fora with you at tha tlaa of your child's 
appointment, for your physician's Information. Wa would appraclata 
tha raturn of tha "Physician's Report" following tha examination. 
II your doctor requeata aa audlologlcal raavaluation, or if you hava any 
quaatlons regarding tha rafarral or tha —a«<«g of theae results, pleaae 
feel free to contact us: 
Trl-Rlvera Audiologic Servlcea 
634 Eddy Street 
c/o Speech and Haarlng Clinic 
Missoula, MT S9812 
243-5763 
Sincerely, 
Audiologist 
Pleaae note: If your child is already being followed medically for 
hearing-related problem, these results may be of Interest to your 
physician. Our results today indicated that there may be a problem 
warranting a current examination. Plaasa share these results with your 
physician. 
Tri-'Sivers Audiologic Services 
Speech and Hearing Clinic 
University of Montana 
Missoula, MT. 59812 109 
Telephone: 243-5763 
PARENT ACQy.TLEDPEMENT gQRM 
I have received the Audiologic Referral for ny child, 
I understand the reasons for the evaluation and have checked the 
appropriate blank below: 
Permission is given to conduct the evaluation. (Please call for an 
appointment at 243-5763, and bring this form with you to the anoolntcent 
Permission is denied. 
My child has been evaluated elsewhere, at age , and 
a ) hearing was found to be normal; 
b ) a hearing loss was identified. 
My child will be evaluated elsewhere. 
My child is being followed medically for hearing related orobleas. 
Please return this form to the above address for our records, or bring it 
with you when vou come for the anpoinnent. Your prooot reply will allow 
us to run our program more efficiently and will help to avoid unnecessary 
multiple referrc1* being sent to you. 
Parent's signature 
Date 
Address (street, town, zio code) 
Teleohone number 
110 
GRADE: 
AUDIOLOGIC REFERRAL FORM 
Dear Paretic: 
On , hearing screening was performed at 
School on . At that time, some difficulty 
was noted indicating that a more in-depth hearing test should be performed 
in Missoula by the Tri-Rivers Audiologist. These tests would include a 
comprehensive evaluation of her/his pure-tone, speech, and/or tympanometry 
test results. This service is provided without charge as pare of the 
rl-Rivers Hearing Conservation Program. 
You should also be aware of the fact that you have the following rights: 
1. To review all records related to the referral for evaluation; 
2. To review all procedures and instruments to be used in the 
evaluation; 
3. To refuse to permit the evaluation: 
4. To be fully informed of the results of the evaluation; 
5. To get an outside evaluation for your child from a public 
agency, at public expense, if necessary. 
Please contact the Trl-Rivers Hearing Conservation Program to malce an 
appointment, or feel free to call us with any questions you may have. 
Tri-Rlvers Hearing Conservation Program 
c/o University of Montana Speech, Hearing & Language Clinic 
Downstairs, Health Service Building 
634 Eddy Street 
Mlsaoula, MT 59812 
Telephone: 243-5763 
Sincerely, 
Audiologist 
School: Grada: 
Out Par ant: 
AC cha tlaa of-eha school hearing screening on . your child, 
• experiencing negative prasaura in ehe 
alddle ut. Hegaelve middle-ear prasaura is ofeaa associated with colds or 
ear lnfectlona. This is usually caused whan cha Eustachian tuba that laads 
fro* eha aar eo eha throat is closed. Frequently, a hearing loss accoapanles 
tha negative preaaura. 
Hhan your child »u reacreanad on ehia condition was »tlll 
preaane. Ale ho ugh this nay aot bo significant enough to warrant aadical 
attention, if your child coaplaias of earaches, or a decrease in hearing Is 
noted, you nay wish eo consult your fully physician or contact aa for a aore 
indepeh hearing evaluation. 
Pleaae faal free eo contact ua if you have any queaelona or if you wish to 
schedule an appoincaenc for a hearing evaluation. 
Sincerely, 
Audiologlac 
Tri-livers Haarlng Conservation Prograa 
c/o Speech, Bearing t Language Clinic 
634 Eddy Seraee, Missoula, HT 39812 
Telephone: 243-3763 
School: Grada: 
Dear Parent: 
At cha else of eha school hearing screening oa , your child, 
t waa experiencing negaelve pressure In ehe 
alddla ear. Negative aiddla-ear pressure is often associated with colds or 
ear lnfecelons. Thla la usually caused when ehe Eustachian tube thac leads 
fro* eha aar eo eha throat la closed. Frequenely, a haarlng loss accoapanles 
ehe negaelve preaaura. 
When your child waa rascreened on . ehis condition was selll 
praaanc. AlChough ehla aay noc be algnlficanc enough eo warranc aadical 
aceeneloa. If your child coaplains of aarachea, or a dacreaaa in hearing Is 
noted, you aay wish eo consult your faally physician or coneace ua for a aore 
lndapch haarlng evaluation. 
Pleaaa faal free eo eoneaee ua If you have any quasclons or If you wish eo 
schedule aa appolneaanc for a haarlng eveluaelon. 
Sincerely, 
Audlologlsc 
Trl-Uvera Haarlng Conaervacion Prograa 
c/o Speech, Haarlng i Language Clinic 
634 Eddy Sereec, Missoula, MT 39812 
Telephones 243-3763 
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ScrMMtf at 2041 XL: 1000. 2000. 4000 Hi 
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ft: Appaar* Normal • Poaal*>ly Abnormal • 
t,: Appears Nerval LJ Poaalbly Abnormal 
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PMk PrMwri 
Poise (m HjO) 
tm* cit (cm*) 
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Examining 'vsiclaa: 
ouctorj please wro* to: 
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Oaca Examlnad: 
Trl-ftlvara Au41olo|lc Sarvtcaa 
634 tUj Seraac 
c/o Spaaci ami Baarlag Cllalc 
Mlaaoula. KT. 3M12 
•t 24J-576J 
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APPENDIX E 
DATA REDUCTION FORM 
117 
198-8 SCREENING KOLLOW-UP 
School: 
Date of last screening: Phone 
Grade Nam* Phone Problea Action caken/resulte 
~ 
• 
MR • Medical referral HE - Hearing E /al Referral 
NP - Negative Pressure 
118 
REFERRAL SUMMARY 
Medical/ Hearing Evaluation 
Schoolt Year: 
Student's Data Data Diagnosis Treatment Examined 
Nan* Screened Ixaalned ' _ By: 
